Introduction
Nitrogen oxide (NO x ) is one of the typical atmospheric pollutants.
1 Selective catalytic reduction (SCR) is an effective method to control the emission of nitrogen oxides from coal-red power plants. 2 At present, V 2 O 5 -WO 3 /TiO 2 catalysts are still widely used in the denitrication process of coal-red boilers and power plants. However, there are many disadvantages in practical applications, such as high running temperature, poor sulfur and water resistance, and short service life.
3 Therefore, the development of high activity denitrication catalysts at a low temperature is of great signicance for environmental protection.
In recent years, iron-based catalysts have been widely used in SCR because of their ne catalytic performance, such as Fe/ ZSM-5, 4 Fe/MCM-56, 5 Co-Fe, 6 Fe-Mn, 7 14 Graphene (GE) has been widely used as a carrier to improve the performance of catalysts due to its large specic surface area, high electron mobility and stable chemical properties. 15 N-doped mesoporous carbon materials have been widely used in catalytic reactions. The modication of mesoporous carbon by incorporating nitrogen leads to the better particle dispersity, but also probably disturbs the electronic structure of carbon solids owing to the formation of a semiconductorlike energy gap. 19 To the best of our knowledge, the research of N-doped graphene/CoFe 2 O 4 (CoFe 2 O 4 /graphene-N ) for NH 3 -SCR has been rarely reported. In this paper, graphene as catalysts carrier was used to prepare CoFe 2 O 4 /graphene catalysts for NH 3 -SCR reaction. The proper proportion of CoFe 2 O 4 / graphene catalysts was determined, and the effect of nitrogen doped on the denitrication performance of CoFe 2 O 4 /graphene catalyst was also investigated. The mechanism of CoFe 2 O 4 /graphene-N catalyst in promoting SCR activity was preliminarily explored, which provided a theoretical basis for the practical application of AFe 2 O 4 catalysts in NH 3 -SCR reaction.
Experimental
2.1 Catalysts preparation 2.1.1 Preparation of GO. Graphene oxide was prepared using the Hummers' method. 20 The preparation process was as follows: 5 g of graphite powder, 2.5 g of sodium nitrate and 115 ml of concentrated sulfuric acid were rstly added to a three-necked ask placed in an ice water bath for stirring, and aer being uniformly mixed, 15 g of potassium permanganate was added. The mixture was kept in the ice-water bath for 2 hours, and then transferred from the ask into the thermostat water bath again, and stirred for 30 
Evaluation of denitrication activity of the catalysts
The denitrication activity of the catalysts was tested with Shanghai Jiangke QJK45 denitrication experimental facility with 0.3 g catalysts. N 2 was used as balanced gas; NH 3 500 ppm; NO 500 ppm; SO 2 100 ppm; O 2 5%; H 2 O 3%; the total gas ow was 100 ml min À1 ; the reaction temperature was 150-400 C.
The conversion rate of NO x was calculated according to the content of NO x at the inlet and outlet at 150, 200, 250, 300, 350 and 400 C respectively. The NO x content of the inlet gas was marked as [C NO x ] in , and the NO x content of the outlet gas was marked as [C NO x ] out . NO x conversion rate is calculate as:
Catalysts characterization
The crystal structure of the catalysts was characterized by Smart lab X-ray diffraction (XRD) 
25,26
Compared with the reported supported catalysts, CoFe 2 O 4 / graphene-N catalysts have better denitrication activity ( Table  2) . 31 The C-N bonds were also detected at 285.6 and 287.1 eV, which is attributed to sp 2 and sp 3 bonded C-N, respectively. 32 Fig. 5 ). on the surface of the catalysts, and the hydroxyl groups generated by the adsorbed water on the surface of the catalysts neutralize the acidic sites on the surface of the catalysts, resulting in the deterioration of the denitrication activity of the catalysts. However, it is interesting that the activity of the reused catalyst can basically maintain invariable in the temperature of 250-300 C. In addition, the reused CoFe 2 O 4 /graphene-N do not signicantly decrease the conversion of NO x in the range of temperature from 300 C to 400 C.
Conclusions
CoFe 2 O 4 /graphene catalysts and CoFe 2 O 4 /graphene-N catalysts were prepared. When the loading amount is 4%, the denitration activity of the catalysts is the best, and the conversion rate of NO x reaches 99% at 250-300 C. TEM showed that nitrogen doped made the distribution of the active components more uniform on the carrier. NH 3 -TPD and H 2 -TPR showed that nitrogen doped resulted in more acidic sites on the surface of the catalysts and improved the redox performance of the catalysts. CoFe 2 O 4 /graphene-N has better denitrication activity at low temperature than CoFe 2 O 4 /graphene, and the conversion rate of NO x reaches more than 95% at 200-300 C.
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